Abstract -Owing to lack of forage during the dry period, the production of alternative concentration feed for cattle is imperative. So that amaranth's forage potential for ensilage may be evaluated, a totally randomized experiment with four treatments (different stages of development of amaranth, defined according to colorization of inflorescence) and 
INTRODUCTION
Amaranth, a pseudo-cereal of the Amaranthaceae family from the Andes and the Mexican plateau, being important in the agriculture and economy in many parts of the world. This is especially due to the multiplicity of its use and to its high capacity for climate adaptation. In fact, it may be cultivated at sea level and at altitudes above 3,500 m .
Whereas cultivated species (Amaranthus caudatus, A. cruentus and A. hypochondriacus) have white non-dormant seeds, invading species (A. spinosus, A. hybridus, A. blitum, A. viridis) have dark and dormant ones . More than 60 species are extant, with short photoperiod and type C4 photosynthesis.
Although in China amaranth is used as forage and as a kitchen garden plant in Africa, Asia and America, the grain is employed in bread processing, biscuits and special food for gluten-susceptible people in the United States . Its extensive usage range is mainly due to its easy commercial culture and to its nutrition sources originating from the grain and from the vegetal parts, as reported by Marcílio et al. (2003) , who enhance its high energetic and 93.0% digestibility capacity.
Moreover, amaranth's high biomass production, which may vary between 19.9 t ha -1 (BOER et al., 2008) and 47.0 t ha -1 of fresh biomass when fertilized with 200.0 kg ha -1 of nitrogen (BRAMBILLA et al., 2008 ) and its high contents of crude protein, which may go up to 21.92% (COSTA et al., 2008) , show its capacity to be included in silage production systems for cattle.
Ensilage is an alternative traditionally used by cattle-breeders during the dry period when shortage and low pasture quality occurs, with corn as the standard silage factor (PEREIRA et al., 2004) . Alternative plants, other than corn, with high productivity, high nutrition rates and low production costs have been extensively researched (ÁVILA et al., 2003; EVANGELISTA et al., 2004; COAN et al., 2005; AMARAL et al., 2008; QUARESMA et al., 2010; MONTEIRO et al., 2011) so that viable alternatives for the breeders may be found without jeopardizing the production system (FREITAS et al., 2010) .
Consequently, the amaranth may be employed for forage production for ensilage in the Brazilian savannah, with special advantages over corn due to its lower production requirements such as high soil fertility and fertilization. However, the characteristics of the amaranth's biomass which determine the fermentation standard in ensilage, such as soluble carbohydrates and forage capacity, have been only scantily analyzed. Therefore, the objective of this study was to evaluate the potential of amaranth forage harvested at different stages of maturation in Campo Verde -MT, Brazil. .
MATERIAL AND METHODS

The
Seedling emergence occurred three days after the post-seeding first rain with a high lack of uniformity due to the reduced size of the seeds. Infestation by Herpetogramma phaecopteralis, a lepidopteran associated with other plants of the same genus, and by the beetle Diabrotica speciosa occurred during growth and were controlled with insecticides.
Plant harvest was undertaken close to the ground when the pre-determined development stages were reached. At harvest, plant height, measured from the ground to the insertion of the last leaf, was taken by a cm-graded ruler (cm); height of inflorescence insertion, measured from the ground to the inflorescence initial point, taken by a cm-graded ruler (cm); stem diameter as 10 cm from the ground taken by a pachymeter (cm).
Fresh mass of sample plants was determined individually, proportion of leaf, inflorescence and stem proportions to the plant's total fresh matter (%). Fractions were conditioned in paper bags and dried at 55 °C in a forced air buffer, during 72 hours for pre-drying and then for final drying at 105 o C (SILVA; QUEIROZ, 2002) . The above determined the percentage of dry matter of the whole plant, leaves and inflorescences.
Calculation of mass of dry matter per plant resulted from multiplying the sampled plants' fresh mass in each lot by the percentage of the dry matter of the whole plant.
After drying, the samples were ground in 1 mm sieves and analyzed for soluble carbohydrates, crude protein and buffering capacity (SILVA; QUEIROZ, 2002) so that the chemical composition of forage for ensilage could be verified. Using SAEG, data underwent variance analysis and ScottKnott means clustering test at 5 % probability was employed when F-Test was significant.
RESULTS AND DISCUSSION
The development stages of Amaranth influenced plant (HP) and inflorescence (HII) height and stem diameter (DIAM) (p<0.05) ( Table 1) . During the first development stage the plants had low HP and DIAM which increased as from the second stage. In the fourth stage the plants had a higher HII when compared to that of the other development stages. High HP at the second stage is due to a longer development period and plant growth which, as a consequence, causes a higher HII in the last development stage analyzed. HP and HII rates were similar to those given by Teixeira et al. (2003) , who studied 48 amaranth accesses in the Brazilian savannah, with height of plant and inflorescence insertion ranging between 93.23 and 162.87 cm and between 50.00 and 118.01 cm, respectively. Similar rates were reported by Spehar and Trecenti (2011) , for HP for the cultivar BRS Alegria, with variations of 100 cm in Brasília -DF and 130 cm in Planaltina -DF, Brazil.
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However, higher HP rates were registered by Brambilla et al. (2008) , for the cultivar BRS Alegria. The above authors tested levels of nitrogenated fertilization and registered 210 cm the mean height of control plants. They concluded that high variations in plant morphology may occur according to climate and environmental changes. According to the morphological characteristics of this cultivar undertaken by Spehar et al. (2003) , mean height of plants is 180 cm with inflorescence insertion at approximately 132 cm from the ground. This fact corroborates the variation reported by the above-mentioned authors.
According to Spehar et al. (2003) , amaranth is resistant to lodging which may be observed by the stem's thickness with different rates reported in the literature and variations ranging between 2.70 and 5.91cm (TEIXEIRA et al., 2003) , or rather, higher that those registered in current analysis (between 1.54 and 2.12 cm). This fact may jeopardize the resistance capacity to the cultivar's lodging.
Development stages of amaranth affected the mass of dry matter per plant (MDMP), percentage of dry matter of leaves (DML) and inflorescence (DMINF). Therefore, variation source did not merely affect the percentage of dry matter of the whole plant (DMWP) (p<0.05) ( Table 2) . period. Since plants had similar weight as from the second development stage, weight increase due to growth of inflorescences was followed by leaf loss through senescence. This may probably de due to the translocation of nutrients towards the reproductive section and grain production observed by high requirements for nutrients that the plants present during the stage which precedes the maturing of grain (approximately after 50 days of emergence) (DOMINGOS et al., 2005) .
DMWP contents varied between 20.82% and 23.91% and were lower than the 25.0% of the dry matter of forage at ensilage, which is recommended by Woolford (1984) , for high quality silage production. Low percentage of dry matter causes high losses through the production of surplus effluents when forage compaction occurs within the silo (REZENDE et al., 2008) , which removes from the ensilaged mass the nutrients used by the animals when feeding on the forage and by anaerobic bacteria within the process of lactic fermentation.
Further, high humidity favors the development of unwanted bacteria of the genus Clostridium which need high rates of water activity (aw) to grow. In fact, they cause high losses of dry matter and nutrients through the butyric fermentation within the silo. This type of fermentation produces butyric acid which, in high amounts, jeopardize forage intake by the animals (RODRIGUES et al., 2005) .
Whereas DML percentage was highest in stages 1 (22.26%) and 4 (22.74%), the percentage of DMINF was highest in stage 4 (46.52%), due to greater size and maturation of the plant and of the inflorescences which occur near the end of its cycle.
Amaranth's development stages affected the proportion of leaves (PL), inflorescence (PINF) and stem (PSTEM) (p<0.05) ( Table 3) . PL of the whole plant during the first stage was higher than that of the other stages (31.08 %) due to the culture's accelerated vegetal growth to establish photosynthetically active leaf area for its development. The third stage comprised less PL with regard to total weight of plant (19.88%), since at this stage a higher reproduction and stiffness of the stem was expected so that the weight of inflorescences could be borne. In fact, as from this stage, inflorescences occupy large sections of the plant.
PINF was low in the first two development stages and increased as from the third one (35.90%). Inflorescence increases and weighs more in proportion to the plant's development. A higher PINF is obtained and consequently a lower PSTEM, , Rio Verde, v. 06, n. 03, p. 90-98, dez. 
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with lowest rates at the plants' last development stage (36.61%).
The third stage of the amaranth's development showed agronomic characteristics favorable to ensilage since the participation of inflorescence was increased and that of the stem decreased. This fact suggests that forage has a high concentration of soluble nutrients to the detriment of more fiber material, which became evident through the significant effect of the amaranth's development stages on the contents of soluble carbohydrates (p<0.05) ( Table 4 ). The latter were higher for stages 3 and 4 when compared with those of the first two stages, featuring respectively 28.93 and 29.36%. Besides SC, there was a significant effect on the buffer capacity of forage, even though CP contents were not influenced by the amaranth's development stages. Contents of CP in forage ranged between 8.96 and 9.18%, which were higher than 7.0% of CP in the dry matter required as a minimum for the proper functioning of the rumen's microbiota ( VAN SOEST, 1994) . Contents of CP were lower than those reported by Rezaei et al. (2009) , featuring 11.60% of fresh forage of A. hypocondriacus at harvest. Low contents of CP in current study, when compared to those in the literature, do not make impracticable the use of amaranth for silage production since contents over 7.0 % of CP are extant in dry matter. Reduced CP contents may be associated with low supply of nitrogen to plants by fertilization which, in experiments by Rezaei et al. (2009) , was provided by high quantities during culture seeding.
When contents of SC and CP are taken into account, amaranth may be ensilaged without any liabilities to the process since it also has adequate contents of SC, or rather, above 15.0% (RODRIGUES et al., 2005) .
Harvested forage for ensilage resists the lowering of pH within the silo, represented by the capacity buffer. High rates of the latter cause liabilities in the fermentation process due to loss of dry matter and nutrients in ensilage. Low rates of forage's buffer capacity cause a better fermentation standard in ensilage (MONTEIRO et al., 2011) . However, in current study, low BC rate occurred at the third development stage (54.09 eq.mg. HCl 100g MS -1 ), which is higher than 20 eq.mg. HCl 100g MS -1 , which is adequate for good fermentation during ensilage (RODRIGUES et al., 2005) .
Costa and Dantas (2009) enhanced the high contents in calcium (29.63 g kg -1 ) and magnesium (21.60 g kg -1 ) concentration in the biomass of amaranth which may be related to high BC rates registered in current study. According to Evangelista et al. (2005) , BC rise may be triggered by these cations, by K + and amino-acids which neutralize the organic acids formed by Gl. Sci Technol, Rio Verde, v. 06, n. 03, p.90-98, dez. 
fermentation and which impede a decrease in pH and jeopardize lactic fermentation and the preservation of forage in the silage form.
The amaranth showed high buffering capacity and low dry matter content, which suggests the need to study strategies to minimize these negative factors to use for silage.
CONCLUSIONS
Increase in the height of amaranth, insertion of inflorescence, stem diameter, proportion of inflorescence and decrease in stem proportion depend on age. They are beneficial to ensilage process since they comprise the highest rate of soluble carbohydrates perceived as from the third development stage.
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